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ABSTRACT
The transfer of the image to the substrate in litho
graphic printing relies very much on the characteristics of
the fountain solution. The quality or desensitization
potential of the solution has always been determined by
measurements of pH ; and by the more "recently" proposed
method of electrochemical conductivity.
The purpose of this study was to determine which of
these techniques most suitably measured the efficiency of
the solution. Since the fountain solutions were always
changing during the press run, the response of pH and con
ductivity to changes in concentration were used as criteria
for measuring their suitability. The effect on print qual
ity variables were also used as a criterion.
The design of the experiment was such that the concen
tration/conductivity was artificially changed by addition
of sodium chloride and potassium citrate salts as well as
gum based concentrate and alcohol.
The investigation included the study of the physical
and plate performance characteristics of the solutions at
different concentrations. Relationships and comparisons
were made on the properties of pH, conductivity, density,
surface tension, viscosity, print sharpness, resolution,
resistance to scum, contrast and the number of
fogged patches that printed.
Experimental work was conducted under controlled con
ditions and depended on the assumption that the conductance
of the solution will be directly dependent on the concentra
tion (and type) of materials and inversely related to the
viscosity of the solutions. The pH was assumed to be inde
pendent of concentration and viscosity of the solutions.
The results obtained were graphically and statistically
analyzed. Equations that will permit the estimation of
physical and print qualities were also obtained as a step
towards accomplishing the objective of calibrating the foun
tain solutions .
It is concluded that under some conditions conductivity
is a more useful measurement technique than pH. The concen
tration of the components of the solution certainly has
effect on print qualities. The significance of the effect
is determined by the nature of the materials and the extent
of their concentrations.
Further results indicated that an organic salt shows
more compatibility with the solutions than an inorganic
salt. While the results called for modification of the
definition of a fountain solution, there was no evidence to
reject the experimental model.
3Although acidic fountain so l utions were u sed, t he re -
sult on c o n du c t i v i t y and pH agreed with previou s inves tiga -
t i o n s and conclusions on a l ka line fountain s o l u t i o n s ,
Abstract Approved : Julius Silver
Susannah M. Butler
_ _ _ _ _ _ _ _ _ _ ___ , title and dept .
____________ _ , date
CHAPTER 1
INTRODUCTION
The function of the fountain solution is to displace
ink from the non-image areas of lithographic plates. In
order to achieve this function, the solution has to possess
certain properties. Among these are:
Wettability - determined by surface tension and
contact angle.
Interfacial tension - between ink/solution and
solution/non-image areas of the plate.
The principal constituents of fountain solution are gum
arabic , water, and alcohol. Whereas water may be considered
the carrier medium, the function of gum arabic and alcohol
is primarily that of maintaining desensitization .
Over the years, the technique for defining the perfor
mance of the solution has been that of pH - the logarithmic
reciprocal of the molar concentration of the hydrogen [H ]
ion in the solution; and which determines the overall acid
ity or alkalinity. On the scale, the acceptable pH range of
most fountain solutions is within 4 to 5.5.
The application of gum as lithographic fountain etch
has always been associated with the discovery of the process
by Alois Senefelder. According to historical records:
Two years of frustrating near success followed the
first print from stone until the difficulty still
found in writing in reverse led him to devise a
proper transfer to deposit on the stone character
which would be printed from it. It was during
these experiments in 1798 that he noticed a liquid
especially gum solution prevented the ink from
adhering to it.1
Although Senefelder had discovered the desensitization
property of gum, there was no indication that gum had dir
ectly been realized as an important additive in fountain
solution nor indeed was there a specific device such as a
dampening system.
Lithographic images are made from an adsorbed gum layer
on metal surfaces like aluminum and zinc. As a result, the
layer is susceptible to disintegration during printing.
This may be due to:
Mechanical abrasion - due to friction from blanket
and dust.
Chemical action - of unsuitable fountain solution
constituents .
It is therefore necessary to re-establish the layer by
re-gumming the plate. This requirement is achieved through
the mechanism of a reservoir which permits the application
of a
"calculated"
quantity of fountain solution on the
plate .
It is necessary to mention that in the early period of
lithography water was used as the only constituent of foun-
tain solution. This was in part based on the assumption of
its high degree of immiscibility with oil (inks). It was
thought capable of absolutely repelling lithographic inks
from non-image areas of the plate. Another factor was the
consideration of its high wettability, economics and avail
ability.
Demand for the printed word resulted in rapid advances
in the industry. Better design of machines for faster pro
duction necessitated proper maintenance of the adsorbed gum
layer. Gum was therefore incorporated into the water-
fountain-solution as a remedial measure. Again, the assump
tion on the compatability of such a mixture was based on
chemical and physical stability and the neutrality of water
as a carrier medium.
The use of pH may have been warranted by the
"early"
assumption that was strictly based on the sometime acidic
behaviour of fountain solutions.
The use of conductivity (ability of the solution to
conduct electrical current) is one which has resulted from
the further evolutionary changes in fountain solution addi
tives. Commenting on the discovery of the technique, the
editor of Graphic Arts Monthly asserted that:
Using conductivity - rather than pH to monitor
fountain solutions was first proposed by Drs. Blom
and Bates in a technical report published in July
1976. 2
This writer wishes to stress that although no experi
mental or theoretical studies were undertaken, the use of
conductivity as an alternative parameter to the status quo
-
pH, may have indeed been recognized earlier in the industry.
In an excerpt on the discussion session of the First Annual
Proceeding of the Technical Association of the Graphic Arts
(1949) the issue of "conductivity" was less subtley raised:
Tobias: Do you think the pH is a proper
criterion for purity [of arabic
acid] when there is an electrolyte
[gum arabic] present?
Miesse Jr. : There is no electrolyte present in
the final solution. The present
arabic acid solution made by elec-
trodialysis has a pH of 2.0.
This may also reinforce the belief that pH may have
been adopted because of the arabic acid consideration.
Nevertheless, the subject of conductivity represents another
paradigm in the history of lithographic printing. Blom's
and
Bates' findings in 1976 were only confined to alkaline
fountain solutions.
ENDNOTES FOR CHAPTER I
1H. James, "Litho First Century" British Printer (June
1961) pp. 101-102.
2Editor's Note, "Conductivity - Better than pH?" Graph
ic Arts Monthly (March 1978) p. 50.
3C.B. Miesee Jr., "The Production of High Molecular
Weight Soluble Acid by the Ion-Exchange Method" Technical
Association of the Graphic Arts (TAGA) Proceedings (1949) .
CHAPTER II
THEORETICAL BACKGROUND: LITERATURE REVIEW
The Solution and Concentration
Although there has been a proliferation of research on
fountain solutions, these studies have in the main, had
their objectives unrelated to the subject here. However in
one of the first series of specific investigations, T. Scar
lett1
, in a rather comparative manner noted that the magni
tude of response to changes in fountain solution was more by
the function of conductivity than by pH measurement. The
reason being that:
The fountain solution is. . . "buffered" to resist
change around the 4.0 pH range. . . for this rea
son more or less concentrate may be added without
changing the pH too much. The conductivity how
ever varies considerably.2
While acknowledging that knowledge on the concept was
still very scanty, he nevertheless concluded that "it (con
ductivity) would seem a better way to maintain the resulting
solution .
"
The further work of B. Blom and J. Bates3 in 1978,
substantiated the findings of T. Scarlett. While analysing
reduced solution in conventional damping [circulation] sys-
7terns of newspaper presses, it was discovered that the con
centration of fountain solution was an essential determinant
of conductivity. Small changes such as may be due to eva
poration produced insignificant changes in concentration.
While pH showed a large effect, conductivity measurements
remained constant.
The unbounded characteristic of the solution was pro
perly explained in a subsequent observation:
When the concentration of alkaline etch becomes
too much, the pH does not change but the conduc
tivity does.4
This development although essentially the reverse of
the previous observation is nevertheless one that is desir
able , for if :
An authentic mixing system malfunctions and makes
overly concentrated solutions, pH measurements
will , however show if the solution is markedly
weak as with conductance measurements.5
Another important aspect of the Blom and Bates' study dealt
with the problem of contamination. It is a common belief
that ink, paper etc. contaminants affect pH value and are
therefore capable of reducing the quality of print. Blom
and Bates were able to emphasize that:
The contamination of the circulator solution is
not a serious problem in-so-far as conductivity
meter is concerned.6
8In 1978, B.E. Blom, W.E. Wilhelmi and G.M. Bartley7 studied
factors affecting pH and conductivity of alkaline solutions.
Their work was based on previous studies by Blom, Bates; and
Scarlett. The investigation made it clear that:
Oil based inks can be seen to have little effect
on either pH or conductance.8
This observation fully supported earlier conclusions by Blom
and Bates on "inks" as contaminants. It was nevertheless
reported that UV cured inks affected conductance. This
phenomenon can be explained by the fact that the significant
acidic groups in UV inks "interact with hydroxide ions of
the fountain solution".
Another factor which appeared to be fundamental to
conductance was hardness of water. By narrowing down the
complex chemistry of the alkaline solutions, the observation
was made that hydrolysis of the sodium orthophosphate9 in
water:
Na3P04 + H20 =
3Na+
+ PO^"3 + H20 (1)
P0A'3 + H20 =
HPOA"2 + + H20 (2)
results in the formation of hydroxide ions; and because
equilibrium is shifted far to the right because of heavy
metal salts, more of the phosphate will be in the ionic form
HPOA'2-
On conductivity, the researchers reported that the
hydroxide ions were removed in the form of soluble and in
soluble complexes by the reaction of the cations with sol
uble phosphate in water. But because:
The conductance of the solution is determined by
the concentration of all the ionized species and
not just hydroxide ions and (2) because the effec
tiveness of each charged specie to the total con
ductance differs, the decrease in conductivity
caused by water hardness is not as dramatic as the
pH changes . x
While acknowledging other possible explanations and
nevertheless asserting that "the qualitative aspects (above)
are fundamentally correct, they went on to emphasize the
influence of carbon dioxide as being more significant than
oxygen or air. Thus when atmospheric carbon dioxide is
dissolved by an alkaline solution:
C02 + =
C03"2
+ H20
Hydroxide ion is consumed to form the carbonate
anion and
consequently11 "conductance changes."
Further investigation observed that water loss by evapora
tion is primarily by absorption into paper-web; and also
that papers affect the conductivity of fountain solutions.
On the basis of their findings, Blom, Bates and Wilhelmi
concluded that for the reasons of the varying hardness of
water and atmospheric contamination, conductivity "allow for
10
more meaningful comparison between users, regardless of
geographical location or time of year" .
Presenting his paper at the annual meeting of the Tech
nical Association of the Graphic Arts (1969) R.F. Bock ex
plained that:
Anionic surfactants are not stable in acidic solu
tions. . . The [experimental] solution containing
catonic surfactants sensitized the plate to ink
and emulsified too much water into the ink yield
ing a scummed print and washed out image.12
The alternative was to use non-ionic surfactants which re
duced the effect of scumming.
In a further research (1972) on the compatibility of
alcohol with gum arabic, Bock reported that:
An increase in the pH value does not affect the
ionic strength except at very low ionic strengths
At pH value above 5 the controlling factor
appears to be salt concentrations.13
Bock's findings supported the much earlier theory of
W. Banks on ionic surfactants. Essentially these research
ers have recognized the conductive role of fountain solution
additives .
The Plate and Surface Phenomena
Since the discovery of lithography, the effectiveness
of the gum coating has been explained by simple absorption
theory .
11
This theory was however incapable of explaining the
phenomenon of the permanency of the gum layer particularly
after repeated dampening.
The first theoretical explanation of this occurrence
was made by G.L. Riddell14 in 1929. Riddell showed that the
surface layer of gum was capable of rendering itself hydro-
philic after drying and that the effect is due to adsorption
on the metal surface.
F.J. Tritton15 later confirmed Riddell' s report and
went further to explain that a weak gum solution [2.5% per
volume] applied on a metal surface and dried would provide
an oleophobic surface but at about 30% concentration or
more, the surface will still be rendered oleophobic whether
the film was dried or not.
Similar conclusions have been reached by other re
searchers who "considered the gum film insoluble only be
cause it is adsorbed." The adsorption theory still holds in
current lithographic plate studies.
In the same investigation of 1932, Tritton noted that
surfaces exhibited strong affinity for ink in the absence of
water. But conditions were different when ink and water
were both present. Another aspect of the investigation
succeeded in concluding that:
An etched plate has a lower contact angle than an
unetched or sensitized plate, although it is pos
sible that this difference is simply due to the
thickness of the surface film produced by the
etch.16
12
Tritton had touched on the fundamental subject of con
tact angle. It was not however until 1956 that R.A.C. Adams
fully developed the theory of ink repellency on the non-
image area of lithographic plates. He indicated that:
The contact angle obtained is determined by the
actual condition of the solid surface at the time
of the [use] experiment. Since under practical
lithographic conditions, the metal surface is sub
jected to the action of aqueous solution. It is
necessary to determine the contact angle relation
ship for the metal when they are being subjected
to the simultaneous action of the two immiscible
liquid phases rather than to determine the separ
ate action of these liquids.17
Adams was developing the concept of interfacial tension.
Further work resulted in the concept of migration and ad
sorption of oleic acid of oil-ink to metal at the metal/oil/
water interface.
Following previous successes, J. A. Lavelle, W.D.
Schaeffer and A.C. Zettlemoyer18 developed the film balance
technique for measuring film spreading pressure. Their
finding agreed with Bank's observation.
The speculation on whether "electrolytic" fountain
solution additives such as chromates and phosphates will
"inhibit this spreading" led to further investigations.
Lavelle, Schaeffer and Zettlemoyer were able to provide the
basis for this investigation by establishing that:
1. Pure oil does not spread and displace water
from hydrophilic chrome oxide [plate].
13
2. A definite concentration of oleic acid must
be added before the oil solution spreads and
displaces the water and
3. As the concentration of acid is increased,
the critical film pressure also increases.19
The mechanism for this phenomenon was explained by the mi'
gration of organic molecules:
From the oil into the water phase and adsorption
from the aqueous phase into the hydrophilic sites
on the hydrated metal oxide surface. Adsorption
of the organic molecule into this hydrophilic site
converts it to a hydrophobic site which is prefer
entially wetted by the oil phase. If the adsorbed
film of the gum molecule can be solubilised by
water then the resulting film is close packed and
the metal surface is less hydrophobic.20
It was also thought that the acid possessed "a specific
interaction of its polar portion of the molecule with the
hydrated oxide of the metal surface." The hypothesis is
dependent on the observation that:
The critical film pressure of the hydrocarbon
solution of monocarboxylic acids increases with
increasing alkyld chain length of the acid and
decreases with increasing film thickness of the
water
layer.21
Thus the more water soluble the organic acid, the lower
the contact angle and critical film pressure.
Viscosity and Fountain Solution
The problem of viscosity is one that has been neces
sitated by the inadequacy of present models in explaining
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surface phenomena in lithography. The theory of surface
energetics is still being developed, and it is doubtful
whether it will provide a more complete and deeper under
standing. S. Karttunen and M. Manninen, did not hesitate to
draw attention to the fact that :
Dynamic factors of water film effects are often
claimed to dominate and thus deal with the depen
dence of material behaviour on the corresponding
surface tensions measured in static conditions.
Bulk behaviour such as density, solubility, and
particularly, viscosity of lithographic liquids,
may in many instances really be more important
than the surface phenomena. . . On the other hand
the real viscosity effects - irrespective of their
importance are not really understood and a part of
complex rheology. .
The studies of viscosity influence on fountain [gum arabic]
solutions was first made by G.L. Riddell and C.W. Davis23 in
1932. The work concluded that there exist a kind of equili
brium within the molecular [micellar] structure of gum ara
bic and which influences its anomalous behaviour as to
viscosity and concentration. Riddell and Davies further
suggested that below 0.5% concentration gum, behaves as an
electrolyte, and above 2% as a colloid. The critical con
centration lies between 0.4% and 1.0%; and influences its
adsorption .
So far, numerous models have been developed to explain:
The growth in viscosity of an emulsion with in
creasing volume concentration of the internal
phase, with increasing viscosity of the phase,
with decreasing particle size distributions and
particle shape on viscosity.24
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All these factors it was suggested, depend on the ex
ternal factor of press nip-splitting of the aqueous film and
changes in "rheological and surface properties." The com
plexity of lithographic printing is such that mere surface
chemistry will be insufficient to explain all the phenomona .
In 1977, a similar conclusion that no real studies or
indeed "no attempt have so far been made to have a closer
look at the possible viscosity effects on lithographic emul
sion phenomena," was drawn by Kattunen and Manninen.25 An
aspect of their study also dealt with polar effects of foun
tain solutions. They indicated that:
The low surface tension of a fountain solution
(low polarity) is not only beneficial for the
elimination of scumming but can also be used to
avoid the too low emulsification of less polar
inks . 26
Other researchers have suggested that with multi-metal
plates, pH may not be of primary importance - although spe
cific alternatives were not put forward.
The interactive role of conductivity with viscosity,
concentration and other numerous hypothesis on lithographic
plate performance makes an interesting speculative subject.
16
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CHAPTER III
STATEMENT OF THE PROBLEM
As already indicated, the concept of conductivity is
still very much undeveloped. According to Blom and Bate,
there have been unpublished reports about the use of the
conductivity technique in some printing houses, prior to
this period. The alkaline fountain users borrowed ideas
from other etch users and as a result are surrounded by self
made "theories and opinions". It is very unfortunate that a
truely scientific concept has not been tested and proven
before application in the industry. This can also be said
for the pH technique. However, this pattern of adopting
unexperimentally proven concepts is characteristic of the
printing industry.
The trial and error attitude has produced tedium and
inconsistency. The objective here is therefore to conduct
studies that will help reduce guesstimation and the specu
lation that characterize concentration/conductivity of foun
tain solutions.
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Print Quality
The criteria for assessing the suitability of any new
control parameter on fountain solution must be the resultant
quality of image. Mere economics is insufficient otherwise
there will be no need for the pH technique to be replaced.
The highly valuable previous studies may have accomplished
"all" but for an assessment of the plate responses. Because
the behaviour and quality of the image is of fundamental
interest to the press operator - the ultimate user, it is
proposed to undertake experimentation on the problem to draw
quantitative conclusions. It will indeed involve a cali
bration of the solutions in relation to print quality.
Normal fountain solution other than the alkaline concen
trated types will be used.
Theory
Although three papers have been published since the
beginning of the concept in 1976, there is the lack of a
general model for concentration conductivity and fountain
solutions. These studies have been rather specific and gen
erally directed at comparisons with pH or trouble shooting.
Integral to this study will be the construction - in
deed proposition of a conceptual framework or models which
it is hoped will serve to explain the phenomenon of
conduc-
20
tivity/concentration and fountain solution. It is also
hoped that the answer to the question "Why use conductivity
rather than pH?" will then begin to surface; and fully be
come clear at the end of the study.
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CHAPTER IV
THEORETICAL MODEL
In proposing the model, the writer fully acknowledges
the inadequate knowledge in the physical chemistry of gum,
and the lithographic plate surface in relation to the addi
tives in fountain solutions.
A typical fountain solution will be acidic. Such a
solution will contain gum, alcohol (isopropyl), phosphoric
acid, phosphate buffer and dichromate salt. For the purpose
of better understanding, the following reactions can be
thought to occur with varying equilibrium positions. These
equilibria may affect or may be dependent on the pH of the
solution :
HoP0, + Ho0
~* H00+
+ H0POj3 4 2^3 24
+ Ho0
"* H00+
+ HPOj2 4 2^3 4
The phosphoric acid will react with the gum arabic to
form arabic acid:
HoP0, + nCOONa = nCOOH + NaHoP0,
3 4 2 4
(phosphoric (gum (arabic (sodium hydrogen
acid arabic) acid) phosphate)
+ H20 ^ +
Na+
+ H20 ^ nCOOH +
Na+
+ OH
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There are also numerous cations present in the solution
(from the gum or from the hard water) which may react with
the OH or other anions to form soluble and insoluble com
plexes to affect the pH and concentration of other species.
Simultaneously, the dichromate oxidizes some gum arabic
and alcohol. Some arabic acid is produced; with the alcohol
an acetone is formed. The acetone readily evaporates being
very volatile. The oxidation of the gum reduces the hexa-
valent chromium to chromium trioxide:
14H+
+
Cr207"2
+
6e~
=
2Cr+3
+ 7H20
Initially, the conductance may show a rise due to the
hydrogem ions. But because the total number of ions de
creases during the reaction, the conductivity will decrease
unless the hydrogen ion concentration is hardly constant
compared to the reduction of the chromium.
Overall, the effect of chemicals on pH and conductivity
is quite complex and cannot be fully predicted. However,
the solution can be buffered so that the pH is relatively
constant .
Experimental Model
The primary objective here is to develop a general
theory that will take into account the lithographic plate,
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bulk behaviour and polar tendencies of the fountain solu
tion. One requirement is that the theory must be testable.
According to previous studies, electrolytes reduce the
viscosity of gum to an extent that is determined by the
concentration of the electrolyte. The assumptions can be
made that: (1) Fountain solution is perfectly electrolytic,
and (2) that the behavior of gum is representative of the
entire solution. Since the conductivity of the solution
depends on the identifies of the individual electrolytes
(additives) as well as their concentrations and mobilities:
C = INu/ze/ (1)
where C = conductivity of the solution
u = mobility of the ions
e = electron
z = charge on ion
N = concentration of charge carrier
The conductivity of the solution results from the sum
mation over all the charge carriers or:
C = e I [N.z.u. ] (2)
. 111
i
where (i) represents the identity of each of the ionic specie
If the movement of the ions through the solution is
modeled by a sphere moving through a viscous medium, then
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the mobility of the ions will be related to the viscosity of
the solution by:
U =
*
V
where: V = viscosity of the solution, and
k = proportionality constant which is different for
different ions.
By substituting k/V into equation 2, conductivity:
C = - X [N.k./z./]
V i
i
i' i'
This equation predicts that the conductivity of the solution
depends upon the concentration and identity of the ionic
species in it, and on the viscosity of the solution. The
equation becomes the basis for the experimental model.
To alter conductivity/concentration and monitor plate
performance, calculated quantities of salt and fountain
solution ingredients such as the etch and alcohol will be
used to make up the solutions at the different concentra
tions .
The addition of these materials will change the elec
trochemical equilibrium of the solution by increasing its
concentration of ions and charged species. Polar forces of
attraction and repulsion will be generated within the ingre-
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dients of the solution resulting in geometrical reorienta
tion of the gum arabic molecules. The effect will be a
reduction of the size of the molecules and an increase in
the ability of the polymeric chains to move (become more
mobile) relative to one another; reducing the viscosity (V)
in equation 4. The mechanism is analogous to that of the
solvation of gum by alcohol as given in Appendix G.
In consideration of the model, the reduction of chrom
ium and hydrogen phosphate compounds will specifically mean
a decrease in value of the function:
el [N. z. k. ]
. 1 i i
i
of the model equation. It can likewise be theorized that
the evaporation of alcohol will make the solution more vis
cous and therefore decrease conductivity - assuming the
numerator of the equation continued to remain constant.
Although concentration, viscosity and polarity appear
to be very diverse in their effect, there will however be a
critical viscosity-concentration-polarity limits within
which the performance of the solution and therefore the
plate will be ideal. This will be determined by the magni
tude of changes in the numerator and denomenator functions
of the equation. This balance will also influence conduc-
tometric readings.
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Generally, excessive concentration of materals will
increase the surface tension of the liquid film. This will
enlarge the contact angle, reduce wettability - desensiti
zation of the non-image areas and result in scumming.
Hypothesis
pH only measures the hydrogen ion concentration. Con
ductivity is influenced by all ions and also will reflect
the variation in concentration and viscosity of the solu
tion .
Based on the above, the hypothesis of the study is that
the nature of fountain solution additives have changed from
being single phased liquid to a polyphased solution. This
change has given the solution polyelectrolytic properties
which can only be determined by the concentration and con
ductance of materials in the solution.
Under equivalent conditions, physical properties and
print qualities, such as: density, surface tension, reso
lution, dot gain, print sharpness, resistance to scum and
contrast will vary according to the concentration, conduc
tivity and viscosity influences of the solution.
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CHAPTER VI
METHODOLOGY AND RESULTS
The methodology of the study involved two aspects.
1. Salt Concentration: The purpose of this was to
examine the performance of the solution at different salt
concentrations and conductivity. The correlation of results
between the two salts - sodium chloride (inorganic) and
potassium citrate (organic), was also of prime interest.
2. Concentration of Other Substances: A pressman
usually alters the concentration of materials in his foun
tain solution by adding more etch, alcohol, surfactant or
indeed water. The objective here was to check the response
of these additives to conductivity, pH and plate performance
or print quality. Gum based Fountain Solution Concentrate
and Isopropyl Alcohol were prepared at different concentra
tions and tested accordingly.
The general experimental analysis was conducted in two
parts - the physical properties test and the plate perfor
mance test.
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PART I
THE PHYSICAL PROPERTIES TEST
The aim here was to prepare fountain solutions at dif
ferent concentrations and test for the properties of conduc
tivity, pH, density, viscosity and surface tension. To
carry out these tests, the required concentrations of the
additives were first determined.
R.F. Bock1 had concluded in his study of alcohol and
gum arabic, that compatibility exists between the two sub-
_3
stances at low (1.0x10 ) ionic strengths. The value
31.0x10 was therefore used to compute the approximate
weight of salts that will be required in the study. This
was calculated to be 0.26 grams per gallon of solution for
the sodium chloride. It was thought that increments of five
0.26(0, 5,. . .) will be sufficient to show the large re
sponses of conductivity and plate performance.
The next procedure was to determine whether the foun
tain solution concentrate is buffered. Manufacturer's guar
antee of buffering at approximately pH 4.0 is only true with
domestic tap water. With distilled water, a pH of 3.0 was
obtained at 26C. This low pH can be explained by the pre
sence of carbonic acid and carbonate ions which were formed
by the dissolution of carbon dioxide in the distilled water.
The alternative was to heat the distilled water to remove
the carbon dioxide.
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The extraordinarily low conductance, non buffering and
low pH lead to the decision to abandon the use of distilled
water in place of domestic tap water. Also a pH of 3.0 is
very incompatible with printing plates and materials.
Priscoe Fountain Solution Concentrate (31A One Step);
Printers Service, Newark was used. The manufacturer's re
commendation for making up the solution is 1 oz. to 1 gal.
of water. This was calculated to be approximately 7.5 mis
per 1000 cc of water.
Fountain solutions were then prepared at different
concentrations of salt and tested for pH and conductance;
beginning with the normal recommended mixture. Preliminary
results for the Sodium Chloride concentrated solutions were
as follows:
Concentration Conductivity
Interval (moles/liter)
0 00.00
5 75.97
PH (Ohms-1)
4.9 4.8xl0~3
5.3
7.2X101
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Test Procedure
The procedure commenced with making up different con
centrations of salt, gum concentrate and alcohol solutions.
This was done by weighing on a triple balance. The instru
ment - Dial-O-Gram (max. 310 grams), Ohaus , New Jersey, was
calibrated and used according to recommendation.
For the Sodium Chloride and Potassium Citrate Salts,
7 . 5 ml of the Priscoe Fountain Solution Concentrate was
pipetted into volumetric flasks; the salt was added and made
up to 1000 cc of water. The solutions were mixed for 10
minutes using a high frequency mixer - "Stir Jack", Preci
sion Scientific Company, U.S.A.; at 120 volts.
Thirteen solutions of Sodium Chloride were made at
different concentrations; and tested for physical proper
ties. Eight of the solutions were used for the plate per
formance experiments. Six solutions of Potassium Citrate
were prepared and tested for physical and plate properties.
The materials (etch and alcohol) in solution tests were
Lithkemko Plate Gum, 14 Baume , Imperial Fountain Solution
Concentrate and 2-n isopropanol alcohol since these tests
will involve a variation in the solutions.
Manufacturer's recommendation for mixing Lithkemko
solution is given as a minimum of half oz . of the gum added
with half oz . of concentrate to two gallons of water. This,
it is claimed will maintain buffering between pH 4.0 and
5.0.
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Since the objective was to examine the effect of con
centration/conductivity at variable (non constant) pH , solu
tions were prepared below the recommendation. One ml of the
gum was mixed with one ml of concentrate and 1000 cc of
water to render the pH of the solution variable. Alcohol
was then added at different concentrations and the solutions
were tested for physical properties. Because of the pos
sible precipitation of gum at high concentration of alcohol,
only four solutions were prepared. Changes in concentration
of the etch were achieved by adding more Priscoe Concentrate
to 1000 cc of water.
Interpretation of Results
The "calibration" of fountain solution was also a prime
objective of this study. It was aimed at providing some
means by which printers can estimate the relative charac
teristics of some physical and print quality variables be
fore or after printing. The relationship of the independent
factors such as concentration and dependent variables such
as surface tension or dot gain can best be examined and
predicted by use of regression analysis.
Once the relationship between concentration of the
materials, pH and conductivity was made so as to determine
which of these techniques was more effective, all further
work was conducted primarily on the effects of concentra
tion .
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Prediction equations were calculated for each of the
experiments at either the linear, cubic or quadratic levels;
and the variations within observed data were tested for
significance using the F ratio statistic. It was necessary
to use other statistical methods to test the accuracy of the
2
equations. These were mainly the eta squared (n, ), correla
tion coefficient (R) and Standard Error statistics.
The n statistic was used to check what percentage (or
how much of the total variability) of the independent vari
ables was accounted for by the equation. A low percentage
indicated the need for a higher power test. To check the
proportion of the total variation of the dependent factor
that can be attributed to the independent variable, the R
statistic was used. A high correlation approached unity.
It is probable that any prediction will have a certain
amount of error. The average error that the printer can
expect when applying the equation to make estimates is given
by the Standard Error statistic.
In order to draw non statistical conclusions, graphs
were plotted. The purpose of the graphs was to provide some
visual effect of the relationships. As a result only appro
priate curves have been fitted and were thus not used as a
check on what powers of equations were required. The curves
only served to provide some comprehension of the behavior of
the factors under consideration.
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The relative concentrations in moles per liter must be
divided by the respective molecular weight of the salts -
58.44 grams for the Sodium Chloride and 324.22 grams for the
potassium citrate in order to obtain the absolute concentra
tion also in moles per liter. The values shown have been
used for the reasons of statistical calculations
Conductivity
A YSI Conductivity Bridge, Model 31, Yellow Springs
Instrument Co., Ohio; was used for measuring the conduc
tivity (COND) of the solutions at different concentrations
(CONC). The instrument was operated according to manufac
turer's specification. Measurements were made at the 60 and
1 Hz frequencies.
Table 1
Relationship Between Concentration of Sodium Chloride
and Conductivity of Fountain Solutions
Concentration Conductivity
(square root) 2 i
moles/liter * 10 Ohms
00.00 0.38
3.90 1.20
11.03 1.80
15.60 2.90
19.10 3.50
22.05 5.00
24.65 7.10
27.01 8.30
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Figure 1. Relationship Between Concentration of Sodium
Chloride and Conductivity of Fountain Solutions
35
Table 2
ANNOVA Summary Table for Concentration of
Sodium Chloride and Conductivity of Fountain Solutions
Source
Degree of
freedom
Sum of
squares
Mean
Square F ratio
Regression 3 57.99 19.33 186.89*
Residual 4 0.4138 0.1034
Critical F3 A. Q Q5 = 6.59
** High Statistical Significance
Prediction Equation:
CONDrtTW, = 0.1162 + 0.3001[CONC]-2.076xl0"2[CONC]2cone J l '
+7.8xlO"A[CONC]3
H2
= 99.29%
R = 0.99
STD ERROR = 0.32
Table 3
Relationship Between Concentration of
Potassium Citrate and Conductivity of Fountain Solutions
Concentration Conductivity
(square root)
moles/liter
00.00
46.61
61.19
129.66
151.44
161.45
173.64
-1
0.38
0.30
1.50
10.70
15.00
16.39
18.52
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Figure 2. Relationship Between Concentration of Potassium
Citrate and Conductivity of Fountain Solutions
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Table 4
ANNOVA Summary Table for Concentration of
Potassium Citrate and Conductivity of Fountain Solutions
Degree of
Source freedom
Regression 3
Residual 3
Critical F33. 005
= 9.28
** High Statistical Significance
Prediction Equation:
COND = 0. 2984-6.
457xl0"3[CONC]+1.564xl0"3[CONC]2
cone L J l J
Sum of Mean
squares Square F ratio
391.7 130.6 5674**
6.902 2.301
H2
= 99.98%
R = 0.99
STD ERROR = +0.152
Table 5
Relationship Between Concentration of
Fountain Solution Concentrate and Conductivity
Concentration Conductivity
(square root) ^ ,
xlO'^Ohms"1
1.73 0.26
3.83 0.96
5.00 1.35
6.32 2.60
7.75 3.85
8.37 4.00
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Table 6
ANNOVA Summary Table for Concentration of
Fountain Solution Concentrate and Conductivity
Source
Degree of
freedom
Sum of
squares
Mean
Square F ratio
Regression 3 12.04 4.012 76.97*
Residual 2 0.1043 5.213
Critical F32; 005 = 19
** High Statistical Significance
Prediction Equation:
C0NDCQnc = 1. 164-0.
9461[CONC]-0.2788[CONC]2-1.5xl0"2[CONC]3
q2
= 99.%
R = 0.995
STD ERROR = 0.23
Table 7
Relationship Between Concentration of
Alcohol and Conductivity of Fountain Solutions
Concentration
(square root)
3.16
4.47
6.32
7.75
0onductivit
u Ohms
y
13.
12.
12.
10.
.5
,6
,0
,6
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Figure 4. Relationship Between Concentration of Alcohol
and Conductivity of Fountain Solutions
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The results indicated that there were high significant
differences in values of conductivity measured at different
concentrations. Very high correlations were obtained and
the standard error were very marginal.
As the concentration of salts and concentrate in
creased, the conductimetric readings also increased; but
with the alcohol high concentrations reduced conductivity.
This was discussed in Appendix G.
The results agreed with the predictions of the exper
imental model.
pH
The experimental model assumed that there will be no
changes in the acidity or alkalinity of the solutions at
different salt concentrations. It was also hypothesized
that the solution will respond more by use of a conductivity
meter than by pH meter.
In accordance with the recommendation by the makers of
Priscoe Fountain Solution Concentrate, electronic pH meter
was used for the measurements. The instrument - Analog pH
meter, model 301, Orion Research, Mass; was calibrated by
using buffer solutions of Potassium Biphthalate (pH 4.0) and
Phosphate (pH 7.0) at 32C. The instrument was repeatedly
recalibrated before making further measurements.
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Table 8
Relationship Between Concentration of
Sodium Chloride and pH of Fountain Solutions
Concentration pH
(square root)
00.00 4.9
3.90 5.3
11.03 5.3
15.60 5.3
19.10 5.3
22.05 5.3
24.65 5.3
27.01
Table 9
5.3
Relationship Between Concentration of
Potassium Citrate and pH of Fountain Solutions
pH
4.9
7.1
7.1
7.1
7.1
7.1
7.1
Concentration
(square root)
00..00
46..61
61..19
129.,66
151,.94
161..45
173,.64
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Table 10
Relationship Between Concentration of
Fountain Solution Concentrate and pH of Solutions
Concentration pH
(square root)
1.73 6.2
2.83 3.5
5.00 3.0
6.32 3.0
7.75 2.9
8.37
Table 11
2.7
Relationship Between Concentration of
Alcohol and pH of Fountain Solutions
Concentration pH
(square root)
3.16 5.8
4.47 5.8
6.32 5.8
7.75 5.8
The results from graphical representation support the
view that the solutions will be nonresponsive to pH at the
different salt concentrations. It was however noted that
the original pH was not maintained when salt was first
added. A generalization can therefore be made that the
addition of any salt to a fountain solution will cause an
initial rise in pH which will be held constant at all other
(higher) concentrations.
8 i
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Figure 7. Relationship Between Concentration of Fountain
Solution Concentrate, Alcohol and pH
Fountain Solution Concentrate
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Changes in the concentration of the etch produced in
verse effect on electrometric pH readings. It was also
observed that at low concentrations of the etch, there were
large differences in pH, than at high concentrations where
the relationship was almost constant.
The behaviour of the concentrate can be explained by
the fact that its addition increased the hydrogen ion or
acidity of the solution, thus lowering pH readings.
Addition of alcohol did not produce a change in pH at
the concentrations used in this experiment. However changes
in conductivity were observed; and this was attributed to
the ability of the alcohol to alter the dielectricity of the
gum solution. The experimental model "predicted" this be
haviour.
Density
This property is defined as the mass of the
"body"
(solution) per its unit volume. It is expressed mathema
tically as:
Mass
/
Volume g/cc-
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Measurement of the property was made by using an analy
tical balance - Sartorious Werke A6, Germany, and pcynano-
meter or density bottle. The procedure involved pipetting
20 ml of the fountain solution into the density bottle,
weighing and finally computing the actual weight of the
solution by subtration. The resulting figure was divided by
20 mis to give the density. For each solution the bottle
was cleaned with "chromerge agent", rinsed and dried before
further use - after recalibrating the weighing machine.
The main problem associated with this measurement was
the instrument's susceptibility to vibration from other
laboratory equipments. Temperature also caused evaporation
which affected the readings. The measurement of density was
necessary for the calculation of surface tension and vis
cosity .
Table 12
Relationship Between Concentration of
Potassium Citrate and Density of Fountain Solutions
Concentration Density
(square root)
_2
moles/liter x10 g/cc
00.00 99.77
46.61 100.70
61.19 101.40
129.66 104.00
151.94 105.30
161.45 105.90
173.64 107.20
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Table 13
Relationship Between Concentration of
Fountain Solution Concentrate and Density
Concentration Density
(square root) 9
xl0"zg/cc
1.73 100.96
3.83 100.94
5.00 101.21
6.32 101.24
7.75 101.86
8.37 101.98
The increased concentration of substances in the solu
tions correspondingly increased the densities. This result
was also true for the Sodium Chloride and Alcohol concen
trated solutions. The model made no specific predictions on
the effect of density.
Surface Tension
The wettability of the fountain solutions is related to
their contact angles and hence the surface tension (ST).
Measurement of this physical property was carried out at the
different concentrations by the Capillary Method using an
Oswald Viscometer.
The procedure was essentially one of assembling the
apparatus, and reading off the difference in height of the
solution in the capillary tube. Methyl blue was added to
provide clarity for the readings.
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In order to obtain surface tension, a coefficient was
calculated by comparison of the difference in height and
density of distilled water (See Appendix D). By multiplying
the coefficient with 72 dynes/cm - (the surface tension of
distilled water); absolute surface tension values were ob
tained at each concentration. The test was carried out in
three replicates at 36.6C.
Table 14
Relationship Between Concentration of
Sodium Chloride and Surface Tension of Fountain Solutions
Concentration Surface Tension
(square root) Dynes/cm
moles/liter
00.00 70.04
3.90 71.34
11.03 72.25
15.60 70.93
19.10 71.38
22.05 72.42
24.65 71.37
27.01 71.95
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Table 15
ANNOVA Summary Table for Concentration for
Sodium Chloride and Surface Tension
Degree of Sum of Mean
Source freedom squares Square F ratio
Regression 3 9.926 3.309 1.77NS
Residual 2 3.767 1.868
Critical Fo ? 0 05
= 19.2
NS. Not Statistically Significant
Prediction Equation:
STconc =
70.43+0.3201[CONC]-2.34xl0'2[CONC]2+5.07xl0"4[CONC]3
q2
= 49.13%
R = 0.7
STD ERROR = 0.64
Table 16
Relationship Between Concentration of
Potassium Citrate and Surface Tension of Fountain Solutions
Concentration
(square root)
moles/liter
00,.00
46,.61
61,.19
129,.66
151,.94
161,.45
173,.64
Surface Tension
Dynes/cm
70.04
73.96
68.80
64.64
71.15
72.40
74.10
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Table 19
ANNOVA Summary Table for Concentration of
Fountain Solution Concentrate and Surface Tension
Degree of Sum of Mean
Source freedom squares Square F ratio
Regression 3 9.926 3.309 1.77NS.
Residual 2 3.737 1.868
Critical F3 ? 0 05 = -^-2
NS . Non Statistical Significant Difference
Prediction Equation:
STconc =
69.86-7.567xl0"2[CONC]-0.2392[CONC]2+2.3xl0~2[CONC]3
H2
= 72.64%
R = 0.852
STD ERROR = 1.367
The curves showed that surface tension effects were
very ambidirectional , particularly with the Sodium Chloride
concentrated solutions. This may have been due to experi
mental error. For the Fountain Solution Concentrate, there
was a near inverse linear effect - the surface tension de
creasing as the concentration increased.
Statistical F test showed that there were no signifi
cant variation in surface tension in all the concentration
2
of the three solutions. It was also observed that n, and R
statistics were not significantly high.
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The experimental model emphasized the changes in sur
face tension as concentration increased. The finding does
not statistically agree with this assumption although the
graphs showed changes at different levels of concentration.
Because the addition of the concentrate etch also re
duced the surface tension of the solution; the model must be
modified to state that surface tension effects depend on the
extent of concentrated materials in the solution. At low
concentrations, surface tension will be low and at high
concentrations the effect will be very inconsistent.
Viscosity
Measurement of viscosity (VIS) was made with an Ostwald
Viscometer No. 75, 1403. The temperature - 36.6C was held
constant with the use of a temperature bath - Vanlab WVR ,
Scientific Inc., USA.
The procedure entailed bringing the solutions to bath
temperature and timing with a stop watch the movement of
the solution between the upper and lower fudicial marks of
the apparatus. The apparatus was then washed with chromerge
agent, rinsed and dried by air before making further mea
surements .
Viscosity values were calculated as explained in Appen
dix E. Three Viscosimetric values were obtained for each
concentration of solution.
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Table 20
Relationship Between Concentration of
Sodium Chloride and Viscosity of Fountain Solutions
Concentration Viscosity
(square root) cps .
moles/liter
00.00 91.32
3.90 90.38
11.03 89.28
15.60 91.23
19.10 89.65
22.05 90.24
24.65 91.76
27.01 90.74
Table 21
ANNOVA Summary Table for Concentration of
Sodium Chloride and Viscosity of Fountain Solutions
Degree of Sum of Mean
Source freedom squares Square F ratio
Regression 3 1.883 0.6277 0.7809NS
Residual 4 3.215 0.8038
Critical F-, / n 05
= 6.59
NS . Non Statistical Significant Difference
Prediction Equation:
VIS =
91.34-0.358[CONC]+2.46xl0"2[CONC]2-4.35xl0"A[CONC]3
cone
H2
= 36.9%
R =0.61
STD ERROR = 0.896
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Table 22
Relationship Between Concentration of
Potassium Citrate and Viscosity of Fountain Solutions
Concentration Viscosity
(square root) cps.
moles/liter
00.00 91.32
46.61 108.15
61.19 107.73
121.19 112.84
151.94 114.46
161.45 114.95
173.00 116.10
Table 23
ANNOVA Summary Table for Concentration of
Potassium Citrate and Viscosity of Fountain Solutions
Degree of Sum of Mean
Source freedom squares Square F ratio
Regression 3 440.3 146.8 109.56*
Residual 3 4.019 1.340
Critical F3i3. 005
= 9.28
** High Statistical Significance
Prediction Equation:
VIS =
91.48+0.487[CONC]-3.94xl0"3[CONC]2+1.127xl0~5[CONC]3
cone
n2
= 99%
R = 0.995
STD ERROR = 1.157
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Table 24
Relationship Between Concentration of
Fountain Solution Concentrate and Viscosity
Concentration Viscosity
(square root) cps.
1.73 93.10
3.83 106.71
5.00 108.14
6.32 108.14
7.75 109.27
8.37 110.30
Table 25
ANNOVA Summary Table for Concentration of
Concentration of Fountain Solution and Viscosity
Degree of Sum of Mean
Source freedom squares Square F ratio
Regression 3 202.2 67.41 247.46*
Residual 3 0.545 0.273
Critical F3i2. 005
= 19.2
** High Statistical Significance
Prediction Equation:
VIS = 65. 87+21.
4[CONC]-3.59[CONC]2+0.20[CONC]3
cone
H2
= 99.7%
R = 0.998
STD ERROR = 0.522
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The result showed that the effect of Sodium Chloride
was ambidirectional and also not statistically significant
different in the observed viscosity data. The Potassium
Citrate and gum Concentrate solutions showed better consis
tency in the graphical representation as well as being of
2high statistical significance. Their n and R statistics
being also high denoted the possibility of more accurate
estimation of viscosity with the respective equations.
Table 26
Relationship Between Vicosity and Surface Tension
at Different Concentrations of
Potassium Citrate in Fountain Solutions
Viscosity Surface Tension
cps Dynes/cm
91.32 70.04
108.15 73.96
107.73 68.80
112.84 64.64
114.46 71.15
114.95 72.40
116.10 74.10
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Table 27
ANNOVA Summary Table for Viscosity and
Surface Tension at Different Concentrations of
Potassium Citrate in Fountain Solutions
Source
Degree of
freedom
Sum of
squares
Mean
Square F ratio
Regression 2 3.534 1.767 0.1131NS
Residual 4 62.51 15.63
Critical F2 4. o 05 = ^'^
NS. Non Statistically Significant Difference
Prediction Equation:
STyxs =
174.5-2.087[VIS]+1.03xl0"2[VIS]2
n2
= 5%
R = 0.23
STD ERROR = 3.95
Table 28
Relationship Between Vicosity and Surface Tension
at Different Concentrations of
Fountain Solution Concentrate
Viscosity
cps
91.32
93.10
106.71
108.14
109.27
110.30
Surface Tension
Dynes/cm
70..04
69..29
66..91
66..52
66,.40
63,.63
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Table 29
ANNOVA Summary Table for Viscosity and
Surface Tension at Different Concentrations of
Fountain Solution Concentrate
Degree of Sum of Mean
Source freedom squares Square F ratio
Regression 2 32.24 16.12 31.70*
Residual 4 2.034 0.508
Critical F24; 0_Q5 = 6.94
* Statistically Significant Difference
Prediction Equation:
STVIS =
n2
= 94%
R = 0.97
STD ERROR = 0.713
The relationship between viscosity and surface tension
was not statistically significant for the Potassium Citrate
concentrated solutions. Test on correlation and the propor-
2
tion of the viscosimetric data (n, ) that can be accounted
for by the regression equations also yielded low results.
The gum based concentrate showed high statistical sig
nificant difference as well as high correlation. As the
viscosity increased surface tension reduced. Thus as the
"mobility" of the ions or hydrocarbon chain of the gum ara-
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bic molecules is lowered, the surface tension of the solu
tion also decreased.
PART II
PLATE PERFORMANCE TEST
The objective of this test was to assess the behavior
of the printing plate (the quality of the image produced) at
the different concentrations and conductivity of the solu
tions. It was based on the definition that the function of
the fountain solution is to displace ink from non image
areas of the plate. A failure to achieve this property will
therefore denote a physical property effect on the plate;
and depending on the extent of the effect, the quality of
the print will be affected.
Other assumptions were made for this study- Poor plate
performance will be reflected by:
1. Scumming: The non image areas of the plate will
begin to pick up ink and print minute solid areas. This
will be due to loss of desensitization by the solution.
2. Dot Gain: Half tone dots will enlarge their sizes
due to ink spread from the non image into image areas of the
plate. The film of solution loses the ability to
"obstruct"
the spread of ink at the ink/fountain solution interface.
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3. Contrast: There will be an overall increase in
densities of ink particularly at the highlight and midtones
of the print. This will cause a reduction in contrast.
4. Fogged Patches: The physical properties effect on
the solution which causes a reduction in desensitization
will create conditions for the fogged patches which were ex
posed below the critical level to ink up and print.
5. Resolution and sharpness of print will be lowered.
More impressions (papers) will also be required to regain
ink/fountain solution (film) equilibrium to maintain the
desired quality.
It is emphasized here that the term plate performance
actually refers to the quality of the printed image.
Test Procedure
The image was made up of test aids (Appendix A) which
were used for the assessment of gain, slur, resolution and
solid ink density.
The plates - 3M Presensitized T.15 plates were selected
from the same batch and given equal exposure and development
according to the manufacturer's specification.
Plate performance test commenced with obtaining an
"ideal"
print, using the standard recommended mixture of the
Priscoe Fountain Solution Concentrate. This was theoreti
cally considered as containing no extraneous salts.
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The ATF Chief 15, American Type Founders Co., Tenn. was
fitted with new blanket, dampener covers and used for this
experiment. Adjustment of the ink and dampening solution
supply volume were made during press operation with the zero
concentrated (standard) solution. The settings were kept
constant throughout further runs. The same ink and paper
stock were used for all the experiments. Each printing
operation (run) represented a higher concentration of mater
ial in the fountain solution.
The design of the experiment had included tests on the
ability of the solution to regain ink/water balance, and
ability to descum plate. Preliminary experiments showed
that the solutions produced the same effect at the different
concentrations. All further attempts to discover any sig
nificant difference only made the error rate potentially
high and the two tests were therefore abandoned.
Ability to Resist Scum
One method for determining the "strength" of fountain
solution is by its resistance to scum (RS). This involved
running the solution on the plate as is normal during print
ing operations, until a good image was obtained. The form
dampener was then disengaged from the plate to cut the sup
ply of fresh solution. The number of sheets that were
printed before scumming was related to the performance of
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the solution. The more the sheets, the better the perfor
mance and resistance to scum. Essentially the resistance to
scum is a measure of the work done by the residual dampener
film in maintaining desensitization. Two runs and two
replicates were made for each solution.
Table 30
Relationship Between Concentration of
Sodium Chloride and Resistance to
Scum of Fountain Solutions
Concentration Resistance
(square root) to
moles/liter Scum
00.00 29.00
3.90 8.00
11.03 22.00
15.60 19.00
19.10 12.00
22.05 9.67
24.65 10.00
27.01 6.67
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Table 31
ANNOVA Summary Table for Concentration of
Sodium Chloride and Resistance to Scum
Degree of Sum of Mean
Source freedom squares Square F ratio
Regression 3 239.7 79.91 1.189NS
Residual 4 268.7 67.19
Critical F^ , 0 05 = ^.59
NS. High Statistical Significance
Prediction Equation:
RS_ =
25.50-6.15[CONC]+0.8032[CONC]2-2.5xl0'2[CONC]3
cone
q2
= 47.15%
R =0.687
STD ERROR = 8.2
Table 32
Relationship Between Concentration of
Potassium Citrate and Resistance to
Scum of Fountain Solutions
Concentration
(square root)
moles/liter
00.00
46.61
61.19
129.19
151.94
161.45
173.00
Resistance
to
Scum
8.,0
19..0
14..5
7..5
14..5
6,,4
5..0
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Table 33
ANNOVA Summary Table for Concentration of
Potassium Citrate and Resistance to Scum
Degree of Sum of Mean
Source freedom squares Square F ratio
Regression 3 89.66 29.89 1.495NS
Residual 3 59.92 19.99
Critical F^ 3. n 05 = 9.28
NS. Non Statistical Significant Difference
Prediction Equation:
RSconc =
8.43+0.3264[CONC]-3.87xl0"3[CONC]2-1.14xl0"5[CONC]3
H2
= 59.92%
R = 0.77
STD ERROR = 4.47
Table 34
Relationship Between Concentration of
Fountain Solution Concentrate
and Resistance to Scum
Concentration
(square root)
1.73
3.83
5.00
6.32
7.75
8.37
Resistance
to
Scum
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Figure 18. Relationship Between Concentration of Fountain
Solution Concentrate and Resistance to Scum
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Table 35
ANNOVA Summary Table for Concentration of
Fountain Solution Concentrate and
Resistance to Scum
Source
Degree of
freedom
Sum of
squares
Mean
Square F ratio
Regression 3 155.8 51.94 2.5NS.
Residual 2 41.52 20.76
Critical F32; Q Q5 = 19-2
NS. Non Statistically Significant
Prediction Equation:
RSconc = 29.09-9.38[CONC]-2.032[CONC]2-0.154[CONC]3
H2
= 78.96%
R =0.887
STD ERROR = 4.56
The three types of solutions showed that there were no
statistical significant difference between the data obtained
for resistance to scum test. The result was not surprising
since similar test on the ability of the solution to desen
sitize the plate and regain ink/water balance were discarded
because of no significant effect during the preliminary
tests .
Graphical results showed that the small changes in re
sistance to scum depends on the level of concentrated com
ponents in the solutions.
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Resolution
The Resolution (RSL) of print can be defined as the
fineness of detail in the printed image. The use of a Stan
dard USAF-1951 and RIT Alphanumeric Test Targets enabled
resolution to be computed at the head and tail areas of the
prints .
The USAF target2 consists of a group of six patterns
with three vertical and horizontal bars which are five times
as long as they are wide. They are separated by a distance
equal to their width and the pattern spacing decrease in
size to the sixth root of two.
The RIT target3 allows for resolution in two different
directions. It consists of twenty six - three alphanumeric
character groups; which vary in size by the sixth root of
two.
Resolution measurements were made by visual observation
of the fineness of the bars and characters at the same mag
nification and threshold of perception. Two observations
were made per target at the head and tail margins; and the
actual resolution values were obtained from manufacturer's
data sheets. The averages were used for analysis.
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Table 40
Relationship Between Concentration of
Fountain Solution Concentrate and
Resolution of Print
Concentration Resolution
(square root) lines/mm
1.73 43.10
3.83 41.00
5.00 33.30
6.32 29.60
7.75 29.60
8.37 26.70
Table 41
ANNOVA Summary Table for Concentration of
Fountain Solution Concentrate and
Resolution of Print
Source
Degree of
freedom
Sum of
squares
Mean
Square F ratio
Regression 3 313.1 71.03 12.75NS
Residual 2 11.14 5.570
Critical F32; 005 = 19.2
NS. Non Statistical Significant Difference
Prediction Equation:
RSL
nc
=
36.93+7.26[CONC]-2.33[CONC]2+0.159[CONC]3
H2
= 95%
R = 0.97
STD ERROR = 2.36
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The results indicated that the resolution of print was
statistically insignificant at the different concentrations
of sodium chloride and gum Concentrate.
The potassium citrate concentrated solutions showed
high significance as well as a high correlation. By com
parison, the gum concentrated solution can be said to be
only marginally insignificant - ranking next to the citrate.
The graph generally showed that as the concentrations
are increased, resolution decreased. On this basis the
assumption of the experimental model was supported.
Print Sharpness
This denotes how well the image is defined at the
edges. It is determined by press conditions such as cylin
der pressure, wear, blanket packing, plate contact with
dampener and ink rollers etc.
The RIT Symmetrical Scale was used to provide a means
of calculting the Print Sharpness (PS) values at different
concentrations. It is expressed mathematically as:
Density of Tint
Density of Solid
The density of tint and solid were respectively obtained at
the 25% and 100% dot areas of the scale. The ratio - Print
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Sharpness data were calculated at the head and tail areas of
the image; and the averages used for statistical and graphi
cal analysis.
Table 42
Relationship Between Concentration of
Sodium Chloride in Fountain Solutions and
Print Sharpness
Concentration Print Sharpness
(square root)
_2
moles/liter
00.00 38.21
3.90 43.91
11.03 43.96
15.60 42.70
19.10 42.56
22.05 36.46
24.65 30.56
27.01 30.08
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Table 43
ANNOVA Summary Table for Concentration of
Sodium Chloride and Print Sharpness
Degree of Sum of Mean
Source freedom squares Square F ratio
Regression 3 2.17xl0"2 ' 7.24xl0"3 19.15*
Residual 4 1.51xl0"3 3.78xl0'4
Critical F34; Q_ Q5 = 6.59
* Statistically Significant Difference
Prediction Equation:
PS = 0. 3857+1. 43xlO"2[CONC]
cone
n2
= 93.5%
R = 0.967
STD ERROR = 0.0194
Table 44
Relationship Between Concentration of
Potassium Citrate in Fountain Solutions
and Print Sharpness
Concentration Print Sharpness
(square root)
_2
moles/liter x10
00.00 25.20
46.61 18.90
61.19 25.70
129.19 31.80
151.94 20.60
161.45 20.58
173.00 18.94
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Table 45
ANNOVA Summary Table for Concentration of
Potassium Citrate and Print Sharpness
Degree of Sum of Mean
Source freedom squares Square F ratio
Regression
Residual
3 8.45xl0-3 2.82xl0"3 1.69NS
3 4.98xl0"3 1.66xl0'3
Critical F3 3. n 05 = 9.28
NS. Non Statistical Significant Difference
Prediction Equation:
PS_ ^ = 0. 247-2. 497xlO"3[CONC]cone
+5.13xl0"5[CONC]-2.29xl0"7[CONC]3
n2
= 62.9%
R =0.80
STD ERROR = 0.0408
Table 46
Relationship Between Concentration of
Fountain Solution Concentrate and Print Sharpness
Concentration
(square root)
1.73
3.83
5.00
6.32
7.75
8.37
Print Shlarpness
xlC
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Figure 24. Relationship Between Concentration of Fountain
Solution Concentrate and Print Sharpness
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Table 47
ANNOVA Summary Table for Concentration of
Fountain Solution Concentrate and Print Sharpness
Source
Degree of
freedom
Sum of
squares
Mean
Square F ratio
Regression 3 7.99xl0"3 2.67xl0"3 2.86NS
Residual 2 1.86xl0"3 9.32xl0'4
Critical F3 2. Q Q5 = 19.2
NS. Non Statistical Significant Difference
Prediction Equation:
PSconc = -1156+0-1258[CONC]-1.79xl0'2[CONC]2+6.64xl0"4[CONC]3
H2
= 81.1%
R = 0.90
STD ERROR = 0.0305
The results showed that only the Sodium Chloride con
centrated solutions indicated significant differences in
Print Sharpness. The Potassium Citrate and gum concentrate
solutions were statistically insignificant although their
correlations were high.
The different behaviour of Sodium Chloride concentrated
solution may be explained by fact that because it made the
solution more polar than the gum Concentrate and Potassium
Citrate; and as a result it produced much more significant
effect at the solution/ink/non image area boundary.
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Graphical representation indicated that Print Sharpness
increased at low concentration and decreased at higher con
centrations .
Dot Gain
Dot Gain (DG) can be explained as the enlargement of
the "elements of half tone image with respect to the origin
al dot size." On the press there is always a certain amount
of gain which is assumed to be constant.
The RIT Symmetrical Scale was used to measure gain by
obtaining densities at the 100, 75, 50 and 25% film dot
areas and plotting on PC graph papers. By using the Cosar
Smart Densitometer, the density was automatically
substracted from the overall density. The resulting value
was the actual ink film density printed on the paper. Mea
surements were made at the tail and head margins of the
print. Dot gain is expressed in percentages.
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Table 48
Relationship Between Concentration of
Sodium Chloride in Fountain Solutions and
Dot Gain
Concentration Dot Gain
(square root) %
moles/liter
00.00 13
3.90 35
11.03 36
15.60 36
19.60 32
22.05 30
24.65 28
27.01 29
Table 49
ANNOVA Summary Table for Concentration of
Sodium Chloride and Dot Gain
Degree of Sum of Mean
Source freedom squares Square F ratio
Regression 3 386.04 128.7 58.28**
Residual 4 8.83 2.208
Critical F3 A- o 05
~ 6.59
** High Statistical Significant Difference
Prediction Equation:
DG =
0.37+7.36[CONC]-0.541[CONC]2-1.07*10"2[CONC]3
cone
H2
= 97.8%
R = 0.989
STD ERROR = 1.486
96
36 _
35 -
34 -
33 -
.2
32 -|
CO
O
o
31 -
30 -
29 -
8 12 16 20
2A 28
Concentration (square rootjmoles/liter )
Figure 25. Relationship Between Concentration of Sodium
Chloride and Dot Gain
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Table 50
Relationship Between Concentration of
Potassium Citrate in Fountain Solutions and
Dot Gain
Concentration Dot Gain
(square root) %
moles/liter
00.00 11
46.61 5
61.91 20
129.19 24
151.94 15
161.45 7
173.00 5
Table 51
ANNOVA Summary Table for Concentration of
Potassium Citrate and Dot Gain
Degree of Sum of Mean
Source freedom squares Square F ratio
Regression 3 245.5 81.82 2.6**
Residual 3 94.26 31.42
Critical F3<3. Q Q5
= 9.28
** Non Statistical Significant Difference
Prediction Equation:
DG =
10.l8-0.233[CONC]-6.95xl0"3[CONC]2-3.4xl0"5[CONC]3
cone
H2
= 72.2%
R =0.85
STD ERROR = 5.605
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Table 52
Relationship Between Concentration of
Fountain Solution Concentrate and Dot Gain
Concentration Dot Gain
(square root) %
1.73 23
3.83 23
5.00 28
6.32 30
7.75 34
8.37 38
Table 53
ANNOVA Summary Table for Concentration of
Fountain Solution Concentrate and Dot Gain
Degree of Sum of Mean
Source freedom squares Square F ratio
Regression 3 174.2 58.05 22.46**
Residual 2 5.17 2.58
Critical Fo ? 0 05
= 19.2
** Statistically Significant Difference
Prediction Equation:
DG =
25.3-2.52[CONC]+0.67[CONC]2-2.36xl0"2[CONC]3
cone
n2
= 97%
R =0.98
STD ERROR = 1.61
100
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Figure 27. Relationship Between Concentration of Fountain
Solution Concentrate and Dot Gain
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Statistically, the concentration of the Sodium Chloride
and Concentrate solutions showed significant differences
among observed dot gain data. The graphical representation
was such that percent dot gain increased with concentration
until a maximum was reached when the gain decreased.
The explanation may be due to the salt or acid reaction
at the solution/image dot interface; which eroded the area
around the dot-reducing its enlargement at higher concen
trations .
Printed Fogged Patches
Two sets of Fogged Patches (PFP) were made on the
plate. The 19 and 21 number patches were given exposures in
increments of 2 seconds and developed along with other test
aids on the plate.
Since the patches were exposed and therefore developed
below the critical level, latent images which will not nor
mally print were established on the plate. This technique
of measuring the performance of the solution was based on
the definition that the better the solution, the less of the
patches will be printed. It was a measure of the work done
by the solution in preventing the patches from inking up.
The number of printed patches were measured by visual
observation.
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Table 54
Relationship Between Concentration of
Sodium Chloride in Fountain Solutions and
Number of Printed Patches
Concentration Number of
(square root) Printed Patches
moles/liter
00.00 15.00
3.90 16.50
11.03 15.00
15.60 16.00
19.10 16.75
22.05 16.75
24.65 14.25
27.01 17.00
Table 55
ANNOVA Summary Table for Concentration of
Sodium Chloride and Number of Printed Patches
Source
Degree of
freedom
Sum of
squares
Mean
Square F ratio
Regression 3 0.5663 0.189 0,.111NS
Residual 4 6.801 1.70
Critical F3>4. 0>05
= 6.94
NS. Non Statistical Significant Difference
Prediction Equation:
PFP =
15.3+0.152[CONC]-1.07xl0"2[CONC]+2.35xl0"4[CONC]3
cone
q2
= 7.67%
R = 0.28
STD ERROR = 1.3
103
17 n
en
CD
X
cj
4-1
CO
0-
o
CD
4-1
d
H
u
CD
X
E
3
2
16 -
15
14
* 1' i t 1
8 12 16 20 24
Concentration (square root jmoles/liter )
28
Figure 28. Relationship Between Concentration of Sodium
Chloride and Number of Printed Patches
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Table 56
Relationship Between Concentration of
Potassium Citrate in Fountain Solutions and
Number of Printed Patches
Concentration Number of
(square root) Printed Patches
moles/liter
00.00 8
46.61 20
61.19 16
129.66 9
151.94 10
161.45 12
173.00 14
Table 57
ANNOVA Summary Table for Concentration of
Potassium Citrate and Number of Printed Patches
Degree of Sum of Mean
Source freedom squares Square F ratio
Regression 3 102.96 34.32 15.9*
Residual 3 6.47 2.16
Critical F33; 005 = 9.28
* Statistical Significant Difference
Prediction Equation:
PFP =
8.21+0.4884[CONC]-7.02xl0"3[CONC]2+2.55xl0"5[CONC]3
cone
n2
= 94%
R = 0.97
STD ERROR = 1.47
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Table 58
Relationship Between Concentration of
Fountain Solution Concentrate and Number
of Printed Patches
Concentration Number of
(square root) Printed Patches
1.73 12
3.83 9
5.00 9
6.32 13
7.75 9
8.37 9
Table 59
ANNOVA Summary Table for Concentration of
Fountain Solutions Concentrate and
Number of Printed Patches
Degree of Sum of Mean
Source freedom squares Square F ratio
Regression 3 13.66 4.55 1.27NS
Residual 2 7.17 3.58
Critical F3<2; Q 05 = 9.2
NS. Non Statistical Significant Difference
Prediction Equation:
PFP =
22.71-9.92[CONC]+2.38[CONC]2-0.168[CONC]3
cone
n2
= 65.6%
R = 0.81
STD ERROR = 1.89
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The result of the analysis indicated that there were
statistically no significant effect on the numbers of fogged
patches that were printed at the different concentrations of
Sodium Chloride and gum etch. The statistical significance
shown by the Potassium Citrate was only "small" and does not
therefore justify the conclusion that the concentration of
substances in the solution had any "significant" effect on
the printing of the patches.
Result from the graphs were such that the small effect
depended on the level of concentrated material in the solu
tion.
Contrast
Contrast is the visual relationship of an original to
its reproduction.5 Where no original is directly involved
it is simply assessed by reference to the tonal range of the
image; and measured as the difference between the highlight
and shadow densities of the image. It can therefore be
affected by press conditions and solid ink density.
In this experiment, contrast was determined by the use
of a Bychrome Scale and Cosar Smart densitometer. Density
ranges were obtained from the 150, 120, 100 and 65 screen
lines at the 5% (highlight), 40% (midtone) and 90% (shadow)
dot areas. The contrast was calculated as:
Density [Shadow-Midtone ] - Density [Midtone-Highlight ]
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Table 60
Relationship Between Concentration of
Sodium Chloride and Print Contrast
Concentration Contrast
(square root) Lines
moles/liter 150 120 100 65
00.00 0.085 0.125 0.145 0.30
3.90 0.165 0.230 0.255 0.485
11.03 0.260 0.300 0.360 0.515
15.60 0.335 0.410 0.480 0.540
19.10 0.165 0.195 0.255 0.445
22.05 0.075 0.160 0.190 0.360
24.65 0.415 0.485 0.470 0.575
27.01 -0.100 -0.550
Table 61
0.020 0.105
ANNOVA Summary Table for Concentration of
Sodium Chloride and Print Contrast
D
Source
egree of
freedom
Sum of
squares
Mean
Square F ratio
Between
Concentrations 7 2.113 0.302 262.5**
Between Con
trast (lines)
Concentration
x Contrast
(interaction)
3
21
0.6257
0.3835
0.208
0.0183
184**
15.9*
Error 32 0.0368
Total 63 3.16 0.0012
Critical F7(32. 0<05
= < 2.33
F3,32;0.05 = < 2 ' 69
F21,32;0.05 = < X ' 89
**, * Statistical Significant Difference
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The result indicated that the density range or contrast
were highly significant at the different (screen lines) con
centration of sodium chloride in the solution and their
interactions .
The effect can be explained by the reduction in desen
sitization of the non image areas of the plate which per
mitted more ink (higher density) to be deposited on the
plate particularly in the shadow areas - to increase the
range. It is also possible that the behaviour of the salt
which caused
"erosion"
of image area at the solution/ink
interface was more effective in the highlight and midtones
than in the shadow areas. This disproportional effect
lowered the density of the highlight and midtone areas more
rapidly than the shadow areas resulting in the overall in
creased density range or contrast.
Table 62
Relationship Between Viscosity of
Sodium Chloride Concentrated Solutions and Dot Gain
Viscosity Dot Gain
CpS. /o
91.32 13
90.38 35
89.28 36
91.23 36
89.65 32
90.24 30
91.76 28
90.74 29
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Table 63
ANNOVA Summary Table for Viscosity
of Sodium Chloride Concentrated
Fountain Solutions and Dot Gain
Degree of Sum of Mean
Source freedom squares Square F ratio
Regression 2 93.78 46.89 0.778 N.S
Residual 5 301.09 60.23
Critical F2>5. 005
= 5.79
N.S. Non Statistically Significant
Prediction Equation:
DG . = 897.2 - 14.87[VIS]+5.85[VIS]2
vis
n2
= 23.7%
R = 0.49
STD ERROR = 7.76
Table 64
Relationship Between Viscosity of
Potassium Citrate Concentrated Solutions and Dot Gain
Viscosity Dot Gain
cps . %
91.32 H
108.15 5
107.73 20
112.84 24
114.46 15
114.95 7
116.10 5
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Table 65
ANNOVA Summary Table for Viscosity
of Potassium Citrate Concentrated
Solution and Dot Gain
Degree of Sum of Mean
Source freedom squares Square F ratio
Regression 2 32.56 16.28 0.212 N.S
Residual 4 307.2 76.79
Critical F2A. Q Q5
= 6.94
N.S. Non Statistically Significant
Prediction Equation:
DG . = -412. 35+8. 3 [VIS] -4.
OlxlO"2 [VIS ]2
vis
l J
n2
= 9.6%
R = 0.31
STD ERROR = 8.76
Table 66
Relationship Between Viscosity of
Fountain Solution Concentrate and Dot Gain
Viscosity Dot Gain
cps . %
93.10 23
106.71 23
107.50 28
108.14 30
109.27 34
110.30 38
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Table 67
ANNOVA Summary Table For Viscosity
of Fountain Solution Concentrate
and Dot Gain
Source
Degree of
freedom
Sum of
squares
Mean
Square F ratio
Regression 2 47.96 23.99 0.5478 N.S
Residual 3 131.36 43.79
Critical F2>3. 005
= 9.55
N.S. Non Statistical Significant Difference
Prediction Equation:
DGvis = -943. 7+18.
97[VIS]-9.22xl0"2[VIS]2
n2
= 26.7%
R = 0.52
STD ERROR = 6.62
The three analysis showed that the effect of viscosity
on dot gain was really insignificant at the concentrations
used in this experiment. Correlation and eta squared sta
tistics also indicated low results.
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Table 68
Relationship Between Surface Tension of
Sodium Chloride Concentrated Solution
and Print Sharpness
Surface Tension Print Sharpness
Dynes/cm
xlO"2
70.40 38.21
71.34 43.91
72.25 43.96
70.93 42.70
71.38 42.56
72.42 36.46
71.37 30.56
71.95 30.08
Table 69
ANNOVA Summary Table for Surface Tension
of Sodium Chloride Concentrated Solution
and Print Sharpness
Degree of Sum of Mean
Source freedom squares Square F ratio
Regression 2
4.96xl0"4 2.48xl0'4
0,.55 N.S
Residual 5
2.26xl0"2 4.53xl0"3
Critical F2>5. 0<05
= 6.94
N.S. Non Statistically Significant
Prediction Equation:
PSST = 10.16-0.26[ST] +
1.74xlO"3[ST]2
n2
= 2.0%
R = 0.15
STD ERROR = 0.067
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Figure 31. Relationship Between Surface Tension and Print
Sharpness of Sodium Chloride concentrated
Fountain Solution
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Table 70
Relationship Between Surface Tension of
Potassium Citrate Concentrated Solution
and Print Sharpness
Surface Tension Print Sharpness
Dynes/cm
xlO"2
70.04 25.20
73.96 18.90
68.80 25.70
64.64 31.80
71.15 20.60
72.40 25.80
74.10 18.94
Table 71
ANNOVA Summary Table for Surface Tension
of Potassium Citrate Concentrated
Solutions and Print Sharpness
Degree of Sum of Mean
Source freedom squares Square F ratio
Regression 2 1 5.3xl0"3 8.24*
Residual 4 2.
6.4xl0"4
Critical F2>4; Q Q5 = 6.94
* Statistically Significant
Prediction Equation:
PSST =
1.25-1.6xl0"2[ST]+2.4xl0'5[ST]2
n2
= 80.5%
R = 0.90
STD ERROR = 0.0254
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Table 72
Relationship Between Surface Tension of
Fountain Solution Concentrate and
Print Sharpness
Surface Tension Print Sharpness
Dynes/cm 9
xlO"^
69.23 28.01
66.91 38.70
65.52 36.50
66.40 35.00
64.03 35.30
63.63 28.30
Table 73
ANNOVA Summary Table for Surface Tension
of Fountain Solution Concentrate and
Print Sharpness
Degree of Sum of Mean
Source freedom squares Square F ratio
Regression 2 7.68 3.84 5.29 N.S
Residual 3 2.18 7.37
Critical F2>3; 005 = 9.55
N.S. Non Statistical Significant Difference
Prediction Equation:
PSST =
n2
= 77.9%
R = 0.89
STD ERROR = 0.027
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The Potassium Citrate concentrated solutions showed a
statistical difference. This may be accounted for by the
fact that its observed print sharpness data were more con
sistent to changes in the physical property of surface ten
sion.
The gum Concentrate indicated no significance only by a
small amount; but the Sodium Chloride solution was highly
insignificant .
Table 74
Relationship Between Surface Tension of
Sodium Chloride Concentrated Solutions and
Dot Gain
Surface Tension Dot Gain
Dynes/cm %
70.04 13
71.34 35
72.25 36
70.39 36
71.38 32
72.42 30
71.37 28
71.95 29
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Table 75
ANNOVA Summary Table for Surface Tension
of Sodium Chloride Concentrated
Solutions and Dot Gain
Source
Degree of
freedom
Sum of
squares
Mean
Square F ratio
Regression 2 72.59 36.29 0.563 N.S
Residual 5 322.28 64.56
Critical F2>5; 0>Q5 = 5.79
N.S. Non Statistically Significant
Prediction Equation:
DGST = -10670. 63+447. 6[ST] -3 . 11
[ST]2
H2
= 18.4%
R =0.43
STD ERROR = 8.03
Table 76
Relationship Between Surface Tension of
Potassium Citrate Concentrated Solutions
and Dot Gain
Surface Tension Dot Gain
Dynes/cm %
70.04 11
73.96 5
68.80 20
64.64 24
71.15 15
72.40 7
74.10 5
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Table 77
ANNOVA Summary Table for Surface Tension
of Potassium Citrate Concentrated Solutions
and Dot Gain
Source
Degree of
freedom
Sum of
squares
Mean
Square F ratio
Regression 2 306.1 153.04 18.21*
Residual 4 333.6 8.41
Critical F2)4. 0<Q5
= 6.94
* Statistically Significant Difference
Prediction Equation:
DGST =
n2
= 90%
R =0.94
STD ERROR = 2.9
Table 78
Relationship Between Surface Tension of
Fountain Solution Concentrate and Dot Gain
Surface Tension Dot Gain
Dynes/cm %
69.23 23
66.91 23
66.52 28
66.40 30
64.03 34
63.63 38
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Table 79
ANNOVA Summary Table for Surface Tension
of Fountain Solution Concentrate and Dot Gain
Source
Degree of
freedom
Sum of
squares
Mean
Square F ratio
Regression 2 158.9 79.46 11.68*
Residual 3 20.4 6.80
Critical F2>3. Q Q5
= 9.55
* Statistically Significant Difference
Prediction Equation:
DGgT = 1660-46.
6[ST]+0.3314[ST]2
q2
= 88.6%
R =0.94
STD ERROR = 2.61
The Potassium Citrate and gum Concentrate indicated
significant changes in dot gain due to surface tension at
different concentrations. This may be attributed to their
producing more consistent dot
gain responses to the surface
changes. Sodium chloride concentrated
solutions showed no
significant effect on dot gain at the observed
surface ten
sions .
The experimental model that there
will be a significant
effect of surface tension
on dot gain was not supported.
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CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS
The purpose of the study was to examine the effect of
concentration of substances and conductivity of fountain
solutions in relation to print quality. This was also ac
complished with the investigation of the effects of physical
properties .
To change conductivity, two different salts were added
into the solutions at different concentrations. Other
changes in concentration were made by addition of gum based
fountain solution concentrate and alcohol. The study impli
citly involved the effect of salt addition.
Physical Properties Test
The physical properties test showed that conductimetric
reading changed as the concentration of the solutions
changed; but the pH remained constant after initial salt
addition. While more Fountain Solution Concentrate reduced
the pH by only a small amount, the addition of alcohol did
not change the pH. However the Concentrate caused a compar
atively larger difference on conductivity measurements while
the alcohol reduced the conductivity by only small amounts.
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It is therefore concluded that because of the magnitude of
response to the etch and salts, and the relative "insensi-
tivity"
of pH to changes in concentration of these compon
ents, conductivity is a better technique to monitor fountain
solutions, than pH.
As concentration and conductivity increased, the den
sity of the solutions also increased. Density was the only
physical factor that was truely directional in its response
and may therefore be a better measure for fountain solution
additives and their overall performance.
The increased concentrations had multidirectional ef
fects on surface tension which also showed no statistical
significant differences. Therfore, the effect of surface
tension does not appear to be a critical factor in defining
the quality of a fountain solution, at the concentrations
used in the experiment.
Bulk behavior such as viscosity appeared to be a more
important physical property than surface tension. The re
lationship was such that the viscosities increased as con
centration of constituents were increased. This significant
difference was nevertheless dependent in the type of mater
ials in the solutions.
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Plate Performance Test
The on-press investigations were directed at relating
physical properties to print qualities. It was also aimed
at providing some means for the calibration (standardiza
tion) or estimation of major properties of the solution and
print qualities.
In relation to all the print quality tests, resistance
to scum was the only parameter that did not show any signi
ficance at all in the three experimental trials. It is
therefore concluded that the inability of a fountain solu
tion to desensitize the plate within a given 'run length'
should not be used as an absolute criteria for assessing its
suitability. This will be true at the concentrations used
in this experiment.
In consideration of fogged patches, only Potassium
Citrate concentrated solutions showed a relatively small
significance on the application of F ratio statistic. We
cannot state with certitude that a fountain solution which
can prevent the ink receptivity of underdeveloped images on
the plate is a high quality solutions since the observation
was contrary to the prediction of the experimental model
that the fogged patches will significantly increase in num
ber of prints as concentration increased.
The conclusion above can be explained by the fact that
since the changes in surface tension was insignificant, the
wettability of the nonimage
areas continued to remain the
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same as that of the normal solution. This being so, the
desensitization of these areas remained as constant as the
normal solution - cleaning and preventing the latent patches
from receiving ink and from printing; thereby producing no
significant difference.
Generally, the effect of concentration, conductivity
and all other physical properties on print quality can be
said to be dependent on the level of concentration and the
type of material in the fountain solution.
Salt Effect
Because salts were used to change concentration and
conductivity of the solutions; it has become necessary to
draw specific conclusions on their effect.
The Sodium Chloride among the two salts showed the
highest inconsistency on most of the physical and print
quality properties.
It was visually observed that there were circular
shaped tints (Newtonian rings or scum) which formed all
over the plate and printed on the papers at high concentra
tions of Sodium Chloride. Neither the Potassium Citrate nor
the gum Concentrate solutions showed this effect.
The explanation can be given as the result of the pre
cipitation of the salt from the solution which caused the
scum. While the salting out effect occurred, the solution
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may have also become far too polar for the lithographic ink
so that emulsification rapidly occurred causing ink distri
bution on the non image areas of the plate.
A necessary conclusion will be that different salts
react differently to the physical and print quality proper
ties resulting from a fountain solution; with an organic
salt showing more compatibility and directionality on the
properties and qualities. The overall salt effect will also
depend on its concentration in the solution.
The experimental theory predicted that the factors of
resolution, print sharpness and resistance to scum will
increase as the solution performs successfully. However
the results were such that as certain factors increased
others decreased. One such example is the increase in
print sharpness while dot gain reduced (dot loss) at low
concentrations. The conclusion must be made that the fail
ure of a fountain solution to meet the overall requirement
of all the known print quality factors does not represent
its poor performance. It is also suggested that the tra
ditional method of generalizing the efficiency of the solu
tion to include all these factors be modified so as to
relate the definition more specifically to the particular
quality factor under consideration
at the time.
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Finally, the results and conclusions from the investi
gation have shown no sufficient evidence for which the ex
perimental model can be rejected.
Recommendations for Further Study
The design of the experiment was such that it permitted
the examination of the physical properties in relation to
plate performance factors.
The Sodium Chloride concentrated solution showed the
highest multidirectional response. Whereas, this may have
been due to the nature of the salt, it nevertheless calls
for a more specific investigation with more precise methods
of experimentation.
The result of the preliminary study dictated the use of
materials and to some extent, redesign of the procedure.
Further work could proceed with the use of anodized plates
and distilled or dionized water. The work can also develop
and remodify the model for the basis of the conclusions al
ready drawn.
By far, the next principal factor in the study of con
ductivity is the behaviour of the lithographic inks. The
current model of the drying of lithographic (sheet fed) inks
is related to the pH of the fountain solution. This pheno
menon is said to also affect print quality. It is therefore
recommended that studies be undertaken to examine the effect
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of conductivity on the drying (oxidation/polymerization)
rate of lithographic inks.
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APPENDIX A
TEST OBJECTS AND CONTROL AIDS
1. Plate: 3M Presensitized negative working aluminum
surface plate, type T15. The subtractive plate was given 4
mins . 30 sees, exposure under Pulsed Xenon lamp. Develop
ment was to step 6 of the Kodak Control Scale T14. Plate
size:
10" x 15 3/8".
2. Ink: Superior Offset MS., Premium Black A7224.
3. Paper: 8%" x 11" size; White Poloma Matte 70 lbs
weight .
8V x H" off machine coated. White 90 lbs. (used
for Potassium Citrate and gum Concentrate tests.)
4. Press: ATF Chief 15 Duplicator. Adjusted accord
ing to manufacturer's recommendation. Spread was held con
stant at 3,500 IPH.
5. Test Control Aids:
(i) ByChrome Percentage-Calibrated Screen tints
consisting of tint patches from 5% screen dot and ranging to
90% shadow dot at interval of 5%. Screen lines include 150,
133, 120, 110, 100, 85 and 65.
(ii) RIT Alphanumeric Test Targets, used for
resolution test.
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(iii) Itek Optical Resolution Test Target. A
USAF (Standard) 1951 resolution target.
(iv) GATF Sensitivity Guide, consisting of 21
steps of continuous tone patches.
(v) Fogged Patches: 32 continuous tone patches
given different exposures designed to make development of
the patches below critical level required required for ink
receptivity.
(vi) RIT Symmetrical Scale: A scale with a solid
and five half tone patches for use in determining dot gain
and plate-press characteristic.
(vii) GATF Gain/Slur Target: A visual device
which gives an indication of gain or slur in steps ranging
from 0-9. The bond slur will be more visible in cases of
slur in doubling.
(viii) GATF Star Target: A circular device con
sisting of 36 black and 36 white wedges. The circular cen
ter fills in and elongates according to the direction of the
ink spread. It's also sensitive to photographic and plate
making distortions.
135
APPENDIX B
pH AND BUFFERING
Faux1 defined pH as the potency of acid and alkaline
solution which is directly related to their degree of ioni
zation of the hydrogen and hydroxyl molecules in the solu
tion. It is quantitatively expressed as the negative logar
ithm of the hydrogen ion concentration in moles/liter.
pH = - log[H+]
The scale which expresses this hydrogen ion "strength"
is also logarithmic with the concentrations of the H and
OH ions being inversely related to one another. Therefore
where the concentrations are equal, the pH of the solution
will be neutral or 7.
0 7 14
Strong Neutral Strong
Acid Alkali
Figure 34
pH Scale
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The scale is such that each unit differs from the next
by a factor of 10. Thus a pH of 4 is 10 times stronger than
a pH of 5 and 1000 times than a pH of 7. The pH does not
however indicate the "strength" of the acid or base.2 Equal
pH values can be obtained whether the acid is strong or
weak.3
The measurement of pH by electrometric means can be
carried out by an instrument which consists essentially of a
meter and an electrode which may be glass and calomel. When
the electrodes are dripped into the solution, electrical
potential of ionization is detected and amplified electroni
cally to cause a dial indication.
pH meters are temperature dependent. They also undergo
a phenomenon of assymetry
potential5 - which generates small
emf across the glass electrode and alter their sensitivity.
This necessitates frequent recalibration of the instrument
by using buffer solutions.
Studies at the Graphic Arts Technical Foundation have
shown that pH of 4 to 5.5 is suitable for printing. The
maintenance of the pH level can be achieved by using buffer
agents such as Potassium monohydrogen phosphate (or Potas
sium basic phosphate) - K2HP04 and Potassium dihydrogen
phosphate (or Potassium acid phosphate)
- KH2P0Z>.
In water the KH2PO, will dissociate into phosphate and
hydrogen ions:
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The scale is such that each unit differs from the next
by a factor of 10. Thus a pH of 4 is 10 times stronger than
a pH of 5 and 1000 times than a pH of 7. The pH does not
however indicate the "strength" of the acid or base.2 Equal
pH values can be obtained whether the acid is strong or
weak. 3
The measurement of pH by electrometric means can be
carried out by an instrument which consists essentially of a
meter and an electrode which is made of platinum or calomel.
When the electrode is dripped into the solution, electrical
potential of ionization is detected and amplified electroni
cally to cause a dial indication.
pH meters are temperature dependent. They also undergo
a phenomenon of assymetry
potential5 - which generates small
emf across the glass electrode and alter their sensitivity.
This necessitates frequent recalibration of the instrument
by using buffer solutions.
Studies at the Graphic Arts Technical Foundation have
shown that pH of 4 to 5.5 is suitable for printing. The
maintenance of the pH level can be achieved by using buffer
agents such as Potassium monohydrogen phosphate (or Potas
sium basic phosphate) - K2HP04 and Potassium dihydrogen
phosphate (or Potassium acid phosphate)
- KH2P04.
In water the KH2P0, will dissociate into phosphate and
hydrogen ions:
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HPO, + H20 I + H30+x2rw4
It acts as a proton donor to the solution which becomes a
proton acceptor. The hydronium ion product is considered a
"soggy" hydrogen ion6 which reduces the pH of the solution -
making it more acidic.
The K2HP04 will also dissociate in water to produce
hydroxyl ions which increase the pH.
+ H0
"*
+ OH
1 4 2 <- 3 4
It acts as a proton acceptor for the solution.
In Lithography the usual procedure for maintaining pH
is by adding more phophoric acid buffer and gum etch which
results in the formation of more arabic acid. The equili
brium reaction is given as:
H3P04 + H20 ^ H2P04 + H30
+ H20
^
+ H30
The dissociation of the acid (H-^PO^) results in the
formation of phosphate and hydronium ions. The purpose is
essentially one of maintaining
the concentrations of the
H and H POj ions so that the reaction cannot shift to3 4 2 4
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the right or the left; thereby keeping the concentration of
the hydrogen ion -pH constant. This constant is defined as:
[H+][H?P04]
K = -
[H3P04]
Other methods for measuring pH include the use of col
oured indicators and indicator papers.
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APPENDIX C
CONDUCTIVITY
The conductance of a solution is a measure of the effi
ciency with which its ions conduct electricity.1 Because
electrolyte solutions obey Ohm's Law, the current which
flows through the solution is proportional to the applied
voltage and electrical resistance. Mathematically:
^l
where I = current in amperes
V = applied voltage
R = resistance in Ohms
Conductance L is therefore defined as the reciprocal of
the electrical resistance.
L = i or mhos.
K
A conductivity meter consists of a Wheatstone Bridge
arrangement with resistance Rj and R2 whose ratio can assume
values up to 10. R3 and C are the respective resistance of
a capacitor balance arm and a variable air
comparator. Rx
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and Cx are the resistance and conductance of the cell (and
its wires) .
Figure 35
A-C Wheatstone Bridge for Conductance Measurements2
When the relationship:
Rl
Rx = 4 ' R3
is balanced, a voltage is obtained with the bridge. Alter
nating current provided by the presence of Cx is used to
avoid polarization reaction which causes the generation of
back emf from the electrode. High frequencies up to 1000 Hz
can be used to obtain better capacitance effect and more
accurate readings.
142
Generally, the conductance of the solution is affected
by the area of the platinum electrodes, distance between
electrodes, concentration of ions per unit volume of the
solution and equivalent ionic conductance of the ions.3
Conductimetric devices which operate without the use of
electrodes but electromagnetic induction4 have also been
designed. More accurate methods of measurements can also be
made by using high frequency audio oscillators as the source
and the detector as a telephone receiver or an oscillo
scope . 5
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APPENDIX D
SURFACE TENSION
The surface tension of a liquid can be explained in
terms of attraction within the molecular structures of the
liquid. Within the bulk of the liquid, molecules are
equally attracted in all directions making the resultant
force zero. At the surface molecules are continuously
pulled down and sideways by an unbalanced force which
finally reaches an equilibrium state and thereby reduces the
surface area to a minimum. This force that causes the sur
face of a liquid to contract is called surface tension. It
acts perpendicular to a centimeter length of the surface and
is therefore expressed in dynes per centimeter.
The property can be measured by various techniques2 -
which includes the ring method, drop weight, bubble pres
sure, hanging shape methods and light reflection method.
In this experiment, the capillary method was used and
relies on the fact that surface tension accounts for the
rise of a liquid in a capillary tube. This rise will con
tinue until the force is counterbalanced by gravitational
force outside the surface.3 The effect creates a difference
in height which will be different for different solutions.
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The calculation of surface tension from the capillary
method involves a knowledge of the behaviour of distilled
water under the same conditions. The relationship is ex
pressed by the equation:4
H0A0Yi
Surface tension v0 = 72 H1A]_
Where y^, Y2 = Surface tension of water and liquid that is
under test.
Hp H2 = Difference in heights of water and liquid.
A-p A2 = Density of water and liquid.
The higher the surface tension, the higher the contact angle
and the lower the wettability of the solution. The tendency
in lithographic dampening is to break up the cohesive or
tension forces of the liquid globule in order to reduce the
angle and ensure plate wetting. To do this, other materials
such as alcohol, surfactants are added. These substances
with lower cohesion combine with the original solution in
such a manner that their molecules surround the molecules of
the original liquid thereby reducing surface tension to wet
the plate.5 Temperature and pressure affect surface ten
sion.
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APPENDIX E
VISCOSITY
The phenomenon of viscosity may be explained as that
property of the fluid that produces a flow due to an applied
shearing force. The force is proportional to the gradient
of the flow velocity in the fluid.1 The viscosity is ex
pressed as
Shear Stress , . . s
^r z (in poise)Shear Rate K '
Numerous methods2 are available for determining vis
cosity. Among these are the measurement of viscous drag on
a rotating disc, determination of cylinder drag immersed in
the fluid, the pull of a sphere falling through the liquid
and the rate of flow through a capillary tube of an Ostwald
Viscometer .
The use of the capillary method involved the determin
ation of the density and flow rate of a fluid of known vis
cosity and then comparing to the solution under test.
Measurement by the capillary method is based on the
theory that in the condition of pressure differential the
rate of flow of the liquid through the fudicial marks on the
148
capillary tube is inversely proportional to the viscosity of
the liquid. The flow is gravity induced.
Where D1 , D2 and T^ and T2 are the respective densities
and flow times for the known liquid (distilled water) and
the test solution, the coefficient (n. ) of viscosity3 is
given by :
2
D1T1
The absolute viscosity is obtained by multiplying the
coefficient with the viscosity of the known solution. For
distilled water the absolute value is taken to be 89.37
poise at 25C.
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APPENDIX F
GUM ARABIC
The chemistry of gum arabic is one which has not been
fully understood. In his book Dr. Hartsuch of the Litho
graphic Technical Foundation-LTF noted that due to the lack
of proper knowledge of gum, what might be described as "con
flicting" theories have been made on fountain solution per
formance. He cited two such theories as pH and concentra
tion and noted that in application the respective models
produced desired results and were thus reliable. He con
cludes with:
"When a pressman adds more fountain etch to his
solution, he lowers the pH of the solution. But
he is also adding more chamicals to the solution.
The question is whether the improvement in the
cleanliness of the non-image areas of the plate
which result from this addition is due primarily
to a lowering of the pH of the solution or the
content of the chemicals in the solution. Perhaps
the final answer will be that both play a
part."2
Even more specific was Carlton Miesse Jr. in his reply to
questions on his presentation:
King: "What do you think of the idea some
workers have that gum arabic contains a
high percentage of pentosans as much as
85%?
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Miesse: "I don't believe anyone really knows
what gum arabic is. A number of struc
tural formulae have been given for it
but no one seems to fit. . . We can make
beautiful theories but no one really
knows . "3
Other scientists acknolwedge this fact. This uncertainty
has severely made predictions or study on lithographic plate
performance difficult.
However, analysis have shown that gum arabic is a bi
polar polysacharide of a carboxylic acid salt which contains
up to fourteen different cations;4 with the significant
metallic constituent being calcium-0.7% and magnesium-0 . 6%
of the total weight of impurities.
By the use of the ion-exchange resin process the ca
tions are replaced by potassium, lithium or sodium. The
purpose is to replace the natural insoluble salt by more
monovalent salt in to order increase the solubility of the
gum arabic and reduce the chances of its precipitation
-
with most substances.
A similar ion-exchange method is used for the manufac
ture of arabic acid.
(nCOOO )2Ca
one salt form
of gum arabic
2HR
cation
exchange
resin.
2nC00H CaR.
free converted
arabic exchange
acid. resin.
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The exchange resin donates its hydrogen ion and takes up the
cation from the gum leaving it as a free acid. The process
is simply converting gum arabic into free arabic acid.
The above method produces difficulties when anions are
involved. By electrodialytic means the crude arabic acid is
maintained in a charged membrane chamber. On application of
current, anions and cations migrate to opposite electrodes
leaving the acid in the compartment free of impurities.
Utilizing this process, C. Miesse Jr. has shown that
arabic acid and gum compare as
follows:5
Gum Arabic
Solids = 21 . 4%
Specific Gravity = 1.09 at 20C
Viscosity = 6.25cps at 20C
pH = 4.5
Arabic Acid
Solids = 20.25%
Specific Gravity = 1.085 at 20C
Viscosity = 44.5cps at 20C
pH = 2.6
Printers argue that the difference is only marginal and does
not therefore justify comparative cost. There is however a
significant difference in pH. Nevertheless a pH of 2.6 is
not very compatible with printing plates,
paper, ink or
solution. Coupled with the fact that pH is easily con
trolled, lithographers still
use very high quantities of gum
arabic .
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The molecular structure of gum continues to remain a
matter of scientific speculation. One study however sug
gests that by optical diffusion (light scattering) means,
the molecular structure is made up of short spiral molecules
with numerous chains of about 105nm long.
0^^
f/aO
(C6H1Q05)n
Figure 36
Molecular Structure of Gum Arabic
\l4a0
Only average molecular weight values are available because
of varying results. However acceptable values are Mn =
250,000 and Mw = 580. Average molecular weight based on
viscosity is given as 260,000 to 116, 000. 6 The related
rheological behavior of gum is also one which has been held
in speculation; and perhaps an important factor in its per
formance in fountain solution. Other properties may be
summarized as follows:
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Viscosity of gum is reduced by salts, most electro
lytes, and acids.7 In electrolytes, the exceptions are
borax, ferric chloride and lead subacetate. Exceptions in
acids and alkaloids are ferric chloride and sodium hydrox
ide. Essentially viscosity is affected by pH and ionic
strength or conductivity.
Viscosity decreases with the addition of alcohol to
about 60% concentration of the alcohol when gum precipita
tion occurs.8
Viscosity of the solution is affected by concentration
of gum, and at 40% it exhibits pseudoplasticity represented
by higher shear stress and reduced viscosity.9
Gum is affected by ultrasonic sound waves, and when in
UV lighting depolymerises thus reducing viscosity.10
The addition of polyphosphates causes defloculation
within the molecule. It is also incompatible with gelatin.
In fountain solution, addition of too much gum etch
causes foaming color variation and emulsification.
It is possible that these characteristics may have been
due to the numerous materials in the molecule, some of which
remain unidentified. However the above conditions are all
evident in printing and it may influence the varying behav
ior of the fountain solution.
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APPENDIX G
ALCOHOL
Alcohol is considered to be non-ionic and will not
therefore dissolve a similar compound such as gum. It may
therefore have no significant effect on conductivity of
fountain solution. However it will be necessary to examine
the importance of the substance in fountain solutions.
Industrial alcohol such as ispropanol can contain trace
amount of acetic acid.1 It will appear that alcohol has no
direct effect on the gum solution, but it may affect its
dielectrical constant and hence the conductivity. This may
be explained by the phenomenon of the solvation of most
organic compounds in alcohol. If arabic acid is used as the
model, when no cations are present, it has
"no" ionic
strength. The neighboring carboxyl group repel each other
and the molecule is very well extended with its carbon chain
exposed to the solvent. The alcohol can then solvate the
carbon chain.
0J:.
/Sjo
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Figure 37(A)
The Solvation of Gum Arabic by Alcohol
The presence of cations (or more cations) shield the chains
charges as shown below. No carboxyl group repulsion occurs
and the molecule build up so that the chains are not ex
posed. The alcohol has no access to the carbon and there
fore cannot solvate the molecule. Precipitation occurs more
easily
V^lcX ^
\-c
to
y
V'
Figure 37(B)
The Solvation of Gum Arabic by Alcohol
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As already indicated, alcohol alters the viscosity and
therefore the mobility of the ions. Thus conductivity can
be affected. This model is similar to that of the disso
lution of gum in water. Studies2 have shown that alcohol
can act as an aid to evaporation, lubrication, dilution and
de-emullsification of ink into water. When lithographers
refer to alcohol as reducing scum, it is due to the alcohol
reduction of the surface tension of the fountain solution.
This can be explained by the fact that the isopropyl alcohol
has a weak dipole molecular structure (which is soluble in
water) and can therefore be attracted to the non image areas
of the plate to reduce the surface energy and increase wet
tability of the fountain solution.
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APPENDIX H
DICHROMATE
This is used in a limited number of solutions because
of compatibility with plate, ink and etc. The main property
of these compounds is to inhibit corrosion1 of the plate.
The presence of acid in the solution causes a reaction par
ticularly with the plates and this produces hydrogen gas de
pending on the pH. The addition of dichromate salt helps to
reduce this evolution. Thus the materials allow a greater
latitude for the use of the acid to convert as much of the
gum into salt-form or free acid.2
WTien used as a promoter of desensitisation in fountain
solutions, insoluble complexes may be formed and depending
on the concentration, heavy metal chromium salt may be
transferred onto the surface of the plate thus causing scum
or color variation. Generally, gum arabic in the form of a
heavy metal salt may be precipitated out onto the surface of
the plate. This is also dependent on the concentration of
heavy metals in the gum and whether the water is domestic
-
containing chemical impurities.
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